Using the linearized and equalized images, we transformed the image's red, green, and blue channel pixel values to a bird-specific colour space (predicted photon catches for each cone cell type) using a polynomial mapping method 1-3 by a custom-built MATLAB program. Camera sensor sensitivities were obtained using quadratic programming methods 4 .
. Therefore, for bird vision modelling, we used one vision type (UVS visual system) using blue tit (Cyanistes caeruleus) as a model species 2, 3 .
For each pixel, we calculated long-wave-sensitive (LWS), medium-wave-sensitive (MWS), and short-wave-sensitive (SWS) cone photon catches, and double cone photon catches. We assumed UVsensitive (UWS) cone photon catches zero because both background and frog body reflect very low amount of UV lights. The inputs from single cones are assumed to be used for chromatic discrimination task and the inputs from double cones are assumed to be used for achromatic discrimination task 6 . Then we applied tetra-chromatic receptor-noise-limited visual discrimination model 7, 8 . This model produces a colour distance ∆S between two colours as:
where ∆fi is the log ratio of the quantum catches of each cone type i, ei is the standard deviation of the noise in a receptor mechanism given by = /�ƞ .
We assumed photoreceptor (Weber) noise (vi) for LWS photoreceptors = 0.05 7 , the ratio of the number of UWS, SWS, MWS, LWS cone cells (ηi) were set as 1:1.9:2.7:2.7 9 . ∆S predicts signal discriminability as a unit of "just noticeable difference" (JND) 7 . Two colours cannot be discriminated when JND < 1: larger JND indicates that two colours are more distinct in the receptor space of animals. Achromatic JND was calculated by using double cone photon catches using the following equation
For snake vision model, we used visual pigment absorption data of garter snake, Thamnophis sirtalis 10 . This is the only data available on the visual systems of diurnal snakes, but the visual systems of diurnal snakes are likely to be conserved among species (personal comm. 2014. E. Loew). ∆S was calculated as:
The ratio of the number of SWS, MWS, LWS cone cells were set as 1:1.6:7.3 10 . Weber noise for LWS photoreceptors was assumed to be as 0.05 as used in other snake vision studies 11 . Although this choice of Weber noise is arbitrary due to the absence of the demonstrated cases, the changes in Weber noise did not change the results qualitatively. We assumed that LWS cones of snakes were used for achromatic discrimination 10 and calculated achromatic JNDs using the same equation as in the avian model. 
